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A Markov Chain Analysis to Unveil How Smartphone Use Unfolds in Everyday Life 
 
Abstract 
Smartphone logging studies suggest that smartphone use is complex, fragmented and 
patterned behavior. It is crucial that we gain insight into these patterns if we wish to unveil 
the social implications of smartphone use in everyday life. Using the smartphone log data of 
3042 users, this study explores how users’ smartphone use sessions are structured. A Markov 
chain analysis reveals that, at an aggregated level, the smartphone sessions of these users are 
predominantly oriented towards the use of mobile messengers and mobile social networking 
apps, and the use of these apps rarely transitions into the use of apps with different 
functionalities. These findings suggest that mobile communication is the key functionality of 
smartphones, and lend support to earlier observations that smartphone use elicits a state of 
‘connected presence’ by (cf. Licoppe, 2004).  
 
Introduction 
The advent of the smartphone in 2007 has introduced an unprecedented convergence 
of functionalities into one ‘smart’ device (Watkins, Hjorth, & Koskinen, 2012). This smart 
device has revolutionized the mobile media landscape. While mobile phones had already re-
altered communicative practices by making the management of social relationships go 
‘mobile’, smartphones further amplified the disentanglement of our activities from time and 
place constraints. Smartphones provide anytime and anyplace access to a myriad of mobile 
communication, social networking, entertainment, work, coordination, financial, and 
information seeking applications. The ubiquitous connectivity afforded through these 
applications has significantly impacted our everyday routines (De Reuver, Nikou, & 
Bouwman, 2016). While the smartphone provides us with new opportunities to enhance our 
autonomy, for example by enabling us to access information anytime and anyplace, we also 
face new challenges, such as the struggle over when and where we should connect and 
disconnect (Vanden Abeele, De Wolf, & Ling, 2018). 
Given the opportunities and challenges that smartphone use presents in everyday life,  
it does not surprise that the study of its social implications has become a core area of research 
in the field of communication sciences. Extant studies, however, oftentimes rely on self-
report measures to unravel inter-individual differences in smartphone use and how these 
relate to certain antecedents and outcomes. A problem of such hypothesis-driven research is 
that it that overlooks important patterns in smartphone use (De Reuver et al., 2016). These 
aggregate patterns are meaningful to explore, because they inform us about the smartphone’s 
generic role in everyday life.  
Smartphone logging plays a crucial role in unveiling such patterns (Deng et al., 2018). 
Log data enable researchers to move beyond an understanding of smartphone use in terms of 
frequency or duration, to find data-driven answers to research questions (Zhu, Chen, Peng, 
Liu, & Dai, 2018). Recent logging studies have already provided us with crucial insights into 
how people use their phone. They show, for example, that smartphone use is fragmented 
behavior: it occurs frequently, yet dispersed throughout the day, and that there appear to be 
smartphone checking routines that people develop, supposedly in response to the rewards that 
especially dynamic content applications provide to them (Bayer, Campbell, & Ling, 2016; 
(De Reuver et al., 2016; Deng et al., 2018; Zhu et al., 2018). 
Unveiling such patterns is also useful for future studies, as the patterns can serve as an 
entrypoint for future work to cluster users in terms of how ‘typical’ their functional use of the 
smartphone is compared to that of others.  
The aim of this study is to analyze generic navigation patterns between smartphone 
apps in terms of transition probabilities from one app to another. Markov Chain are a suitable 
method to establish these insights. Two main research questions guide this exploration: 
1. Which smartphone apps are so-called ‘Gatekeeper apps’? In other words: from 
which smartphone apps do the majority of smartphone sessions start?  
2. Once a session has started, how do smartphone users typically proceed? 
Which apps are most likely to follow Gatekeeper apps and which ones follow 
those? 
 
Method 
Data collection 
The data for this study were collected using the MobileDNA smartphone app. 
MobileDNA is a publicly available Android-only smartphone logging app. The app is 
developed to provide users with detailed insights into their smartphone use, providing 
statistics and visualizations on how often one checks his/her smartphone, which apps are 
most frequently used and how much time is spent in these applications. The app was built by 
Ghent University for research purposes. All MobileDNA users agreed to anonymously share 
their data with the researchers. Only smartphone session log data are collected. No socio-
demographic information was collected at this stage. 
The session logs contain a session id, start and end time and the name of the apps that 
were used in the session in a sequential order. The initial database contained over 1000 
different applications, demanding recoding and selection. The apps were first recoded into 10 
categories, which can be found in Appendix A. One additional recoding was done to create a 
general overview of app navigation depicted in figure 1. Therefore, the categories were 
merged into four main app categories based on their relative frequency of use: Social Media, 
Communication, Web browsing and Other.  
 
Data analysis 
The smartphone log data were analyzed by means of a Markov Chain analysis. 
Markov Chains are typically used to analyze sequential data in terms of transition 
probabilities from one state to another. For example, in multimedia research, Markov Chains 
are used to model the order of website visits in a web navigation session (Borges & Levene, 
2007). Markov Chains are defined by an independent number of states (S) and a transition 
matrix P that describes the probabilities of moving between these states. Moreover, in a first 
order Markov Chain, used in this study, it is assumed that a transition from one state to 
another, depends only on the present state. No transition history between states is taken into 
account. This study uses a discrete state space with n smartphone applications/categories 
logged by MobileDNA. The probability matrix P, included in appendix B, displays the 
probability that a smartphone user transitions from app category ai  to app category aj over all 
sessions in the database. All transitions between apps are counted and normalized in order for 
each column to sum up to 1. Last, two artificial states ‘Unlock’ and ‘Lock’ were added to the 
matrix to simulate the start and end of each smartphone session. As such, ‘Unlock’ has no 
incoming transitions and ‘Lock’ has no outgoing transitions.  The R package ‘clickstream’ 
was used to perform the MC analysis. ‘Clickstream’ is a package that is often used to analyze 
sequential data with sessions of varying lengths.  
 
Results 
The database contains 1173240 smartphone sessions of 3042 users, containing 
7685489 app events and an average of 6.55 apps per session (SD=11.27).  Conducting a 
Markov Chain analysis on the full database after recoding into categories yielded the 
transition matrix in Appendix B. Figure 1 visualizes the most likely app transitions (p ≥ .15) 
of the transition matrix, complemented with all starting transitions at ‘Unlock’, which may be 
< .15. 
 
 
Figure 1. Visualization of app category transitions in smartphone use, generated with a first-order Markov Chain analysis 
(Percentages represent probability of transition between two states/apps) 
 
From Figure 1, it is clear that the majority of smartphone sessions (60%) start from 
either Communication (41%) or Social Media (19%) apps. 7% of the sessions start with ‘Web 
Browsing’ and 33% with ‘Other’, less frequently used applications. Once a smartphone user 
has opened either a social media or communication app, there is a high probability that she/he 
will either stay within that same app category (represented in Figure 1 by circular arrow onto 
the state/app itself), thus performing repeated use of the same app or another app within that  
same category (e.g. Unlock→Whatsapp→Whatsapp→Facebook 
Messenger→WhatsApp→Lock) or switch to an app in one of those same categories (e.g. 
Unlock→Whatsapp→Facebook Messenger→Snapchat→Lock).  
There is a 29% probability that a user stays within the ‘Social Media’ category and a 
36% probability that one stays in the ‘Communication’ category. Furthermore, transition 
between ‘Social media’ and Communication apps is highly probable implying that these two 
categories are at the core of smartphone usage.  There is a 44% probability that a user stays 
within the  ‘Other’ apps category. ‘Communication’ apps are the most probable next category 
to follow ‘Other’ apps (22%). 
Figure 2 zooms in on the app transitions within the two most frequently used app 
categories, ‘Social media’ and ‘Communication’. WhatsApp is evidently the main gateway 
app, being the starting point of 14% of all smartphone sessions logged in the database. 8% of 
the smartphone sessions start with ‘Text Messaging’ and 8% with Facebook. Receiving or 
making phone calls is the start of 8% of all smartphone sessions. In addition to WhatsApp 
being the main gateway app, Figure 2 also depicts relatively high probabilities of transitions 
from other social media or communication apps to WhatsApp and also Facebook, meaning 
that after using or checking other apps, smartphone users frequently return to either or both 
apps. A connection can also be observed between Facebook and Facebook Messenger and 
Snapchat and Instagram.  
 Figure 2. Detailed visualization of app transitions within the ‘Communication’ and ‘Social Media’ app categories generated with a 
first-order Markov Chain analysis 
 
Discussion 
 This study presented a Markov Chain analysis of navigation between apps using the 
log data of 3042 MobileDNA users who produced 1173240 smartphone sessions. The results 
illustrate the relatively high presence of communication and social media apps in every 
smartphone session. With 60% of smartphone sessions starting in either one of these 
categories, these apps are definitely at the core of smartphone use, especially WhatsApp and 
Facebook. Furthermore, transition probabilities between apps substantiate the role of these 
apps within smartphone sessions as smartphone users tend to ‘circle’ around between social 
media and communication apps or perform multiple actions within apps. 
The results provide generic insights into smartphone use patterns and provide a 
valuable perspective to  assess the social implications of smartphone use in everyday life and 
can be a starting point for further in-depth analyses. 
While, to the best of our knowledge, this study presents one of the first to model 
smartphone app navigation using detailed log data, some limitations and according 
suggestions for further research can be noted. First, we created one transformation matrix for 
our entire database. While this approach is valuable to get initial and general oversight of 
smartphone usage, it ignores subtle differences or larger variations in smartphone use 
between certain user segments. It can be expected that adolescents exhibit different transition 
probabilities than adults for example. In this study, no additional socio-demographic 
information was collected from the MobileDNA users. In a next phase of our research, this is 
foreseen however. Second, further clustering on the transition matrix will allow grouping of 
similar smartphone sessions and provide more insight into the types of smartphone sessions.  
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Appendix A: initial app categories 
 
Appendix B: Transition Matrix  
 
 
    
Category App (type) 
Communication WhatsApp, Text messaging, Facebook Messenger, Phone, Email,… 
Entertainment YouTube, video players, Spotify,… 
Maps & Navigation Google Maps, Waze,… 
News & Magazines Nieuwblad, De Morgen,… 
Other Gaming, Dating, Education, Finance,… 
Photography Camera, Photo Gallery,… 
Productivity Document editor, Business management, Calendar,… 
Social media Facebook, Instagram, Snapchat,…. 
Tools & settings Google Play, Phone Settings,… 
Web Browsing Google Chrome, Firefox, Google search bar,… 
  
 
              
  Unlock Communication Social media Web 
Browsing 
Other Lock 
Unlock 0% 0% 0% 0% 0% 0% 
Communication 41% 36% 25% 22% 22% 0% 
Social media 19% 17% 29% 13% 12% 0% 
Web Browsing 7% 7% 7% 25% 7% 0% 
Other 33% 24% 24% 27% 44% 0% 
Lock 0% 16% 15% 12% 15% 0% 
Total 100% 100% 100% 100% 100% 0% 
 
